Introduction {#sec0005}
============

The position of the patella in relation to the femur has great clinical importance and it is a predisposing factor in the etiology of femoropatellar pain and instability.[@bib0005], [@bib0010] Defining whether the joint between the patella and the femur is anatomically functional is a determining factor to understand and treat this orthopedic syndrome.

The change in patellar height is called patella alta when the patella is above its anatomical position and patella infera when the patella is below its anatomical position.

This change in the vertical plane may result in other pathologies of the knee, such as osteochondropathy, patellar luxation and inflammatory processes that cause pain and joint effusion.[@bib0015], [@bib0020], [@bib0025] The correct evaluation of its position is important for the alignment study of this joint and diagnosis in patients with anterior knee pain.

Several methods have been described for patellar height measurement through lateral radiographic images of the knee.[@bib0015], [@bib0030], [@bib0035], [@bib0040], [@bib0045] Thus, the radiographic study makes possible to determine whether the patella is incongruous in the vertical plane in relation to the femoral condyles.

The use of computed tomography (CT) for the study of patella abnormalities was described by the French school of Lyon.[@bib0050] The CT examination allows determining values hat were developed to define the patella lateralization in the coronal plane and the shape of the patellar bone and condyles with the knee in different degrees of flexion and in muscle contraction. However, this technique does not include the study of patellar height.

The aim of this study is to assess the agreement between tomographic measurements of patellar height and lateral knee radiographic images in randomly selected patients.

Materials and methods {#sec0010}
=====================

This study was approved by the ethics committee of the current institution. Eighty knees of forty asymptomatic individuals, with no previous history of knee injury, were randomly recruited and examined by radiography and CT between December 2009 and August 2010.

The following protocol was used for each assessed knee:1Lateral radiography of the knee supported by one foot only and 20 degrees of flexion ([Fig. 1](#fig0005){ref-type="fig"}).Fig. 1Lateral radiographic image of the knee with patellar height measurement using the Insall--Salvati technique.2Computed tomography with sagittal view assessment in full extension, 20 degrees of flexion and quadriceps contraction ([Fig. 2](#fig0010){ref-type="fig"}).Fig. 2Computed tomography with sagittal view assessment of the knee in full extension (A), 20 degrees of flexion (B) and quadriceps contraction (C).

The radiography and CT assessments were performed by the same radiology technician, using standard positioning among the study participants.

The Insall--Salvati technique was chosen to measure patellar height in radiographic and CT assessments. For this purpose, the patellar tendon length and the patellar longest axis were measured. The association between these values, respectively, results in the Insall--Salvati index. The normal value of Insall--Salvati index in the lateral knee radiographic measurement is 1.02; values \<0.8 are considered patella infera, whereas values \>1.2 are considered patella alta.[@bib0030]

Statistical analysis was performed using Student\'s *t* test to assess the distribution of continuous variables and to estimate the difference between the observed values.

Results {#sec0015}
=======

The 40 study participants, 20 men and 20 women, were aged 18--52 years, with a mean age of 30.8 years.

The mean values found for the radiographic patellar height measurement, tomographic measurement in extension (CTE), 20 degrees of flexion (CTF) and in quadriceps contraction (CTC) of the 80 evaluated knees can be seen in [Table 1](#tbl0005){ref-type="table"}. It can be observed that there was a statistically significant difference between patellar height measurement techniques and gender of the assessed patient (*p* \< 0.05). Regarding the side of the studied knee, right and left, there was no statistical difference in patellar height evaluation (*p* \> 0.05).Table 1Mean measurement of patellar height using the Insall--Salvati method for radiographic assessment (R) and CT in extension (CTE), 20 degrees of flexion (CTF) and quadriceps contraction (CTC) between men and women. It can be observed that there were significant differences between the genders in all assessments (*p* \< 0.05).Imaging assessmentMaleFemaleMeanSDMeanSD*p* value*Patellar height value* R1.070.151.20.17\<0.05 CTE0.950.141.040.18\<0.05 CTC1.040.141.170.19\<0.05 CTF1.030.141.160.18\<0.05[^1]

Among the 40 patients, there was a statistical correlation between CT and radiographic measurements of patellar height with the knee flexed at 20 degrees (ISF), in extension (ISE) and with contraction of the quadriceps (ISC) (*p* \< 0.05). Based on the radiographic patellar height study (R), equations were defined to correlate the expected value of the patellar height at the CT ([Table 2](#tbl0010){ref-type="table"}).Table 2Formulas developed to obtain the patellar height value using the Insall--Salvati index on CT in extension (ISE), 20 degrees of flexion (ISF) and quadriceps contraction (ISC) in the presence of the Insall--Salvati index obtained at the radiographic assessment (R) supported by one foot only, in male and female patients.Patellar height conversion equationsMaleFemaleExtensionISE = 0.11 + 0.78 × RISE = 0.03 + 0.84 × R20 degrees of flexionISF = 0.12 + 0.85 × RISF = 0.02 + 0.95 × RQuadriceps contractionISC = 0.14 + 0.84 × RISC = 0.02 + 0.96 × R

Discussion {#sec0020}
==========

Patellofemoral misalignment generates an abnormal contact between these structures, developing into an overload of the articular surface and the forces on the extensor mechanism,[@bib0055] predisposing to patellar luxation, chondromalacia and knee osteoarthritis.[@bib0060] These pathologies often cause knee pain. Most studies of anterior knee pain causal factors have sought to associate these abnormalities with patellar tilt and displacement, the morphology of the femoral trochlea[@bib0065], [@bib0070] and the tibiofemoral frontal plane alignment.[@bib0075], [@bib0080]

There are also changes in the sagittal plane, involving the patella alta and the patella infera. Patella alta is considered a clinical entity associated with pain and patellofemoral instability, as a consequence of decreased bone stability of the patella with the femur.[@bib0055] However, patellar height measurement is demonstrated and analyzed by lateral radiographic images with the relaxed quadriceps muscle. The contraction of this muscle causes elevation and lateralization of the patella and influences pain symptoms and signs of instability in the affected knee.[@bib0055], [@bib0085]

Several methods have been described for measurement of patellar height. Insall and Salvati[@bib0030] were the first to describe a specific method to establish patellar height and associated the patellar tendon length with the greatest patellar length on radiographs. Bierdert and Albrecht[@bib0090] used MRI to evaluate patellar height and correlated the patella to the femur. For this purpose, they used cartilaginous landmarks and thus eliminated the bone variation, which is possibly the largest source of error in accurate patellar height measurement.[@bib0095], [@bib0100]

The results of this study show that the Insall--Salvati method can be applied to CT with sagittal view in extension, as well as with 20 degrees of flexion and in contraction.[@bib0030] This index was higher in female individuals for all measurements. This difference is probably due to the smaller size of the patella in females, as mentioned in other studies.[@bib0105], [@bib0110], [@bib0115], [@bib0120] Redziniak et al.[@bib0125] suggested in their study that the Insall--Salvati index measurement in men ranges from 0.9 to 1.1 and in women, from 0.94 to 1.18, which shows that this index is higher in women. Miller et al.[@bib0130] found no such difference between men and women in his study.

The results obtained when comparing patellar height measurement through radiography and CT showed a significant correlation. Considering that CT has been used as the main complementary resource in the assessment of pathologies caused by patellofemoral misalignment,[@bib0015], [@bib0135] patellar height measurement, together with the imaging study used by the Lyon protocol[@bib0040] helps its understanding in different situations without compromising the results obtained, as there was no statistical difference between the different positions studied in radiographs and CT scans. Thus, regardless of the measurement being made through radiographic or tomographic assessment, patellar height can be obtained by the index measurement.

A criticism of the study is that only the Insall--Salvati index was correlated, as this index is not unanimously accepted in the literature for patellar height evaluation.

Conclusion {#sec0025}
==========

The Insall--Salvati index in females was higher in all assessed situations. Furthermore, it is possible to measure, with the method used and without distortion of the results, the value of patellar height during the tomographic study to define the presence of the patella alta or patella infera.
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[^1]: SD = standard deviation.
